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(57) Abstract: 

PURPOSE: Provided are a ceramic complex for biotransplantation, 
which compensates a physical property that is a disadvantage of 
apatite by using a reinforcing material of ceramic, and enables bio- 
compatibility and bioactivity properties of apatite to be used. 
CONSTITUTION: The ceramic complex comprises, as matrix phase, a 
fluoro-hydroxyapatite solid solution represented by the following 
formula: Ca10(PO4)6(OH)2-xF2x(wherein x is exceeding 0 less than 
1); as second phase functioning as the reinforcing material, at least 
one material selected from zirconia(2r02), alumina(AI203), titania 
(Ti02), silicon carbide(SiC), and silicon nitride(Si3N4), and metal 
fiber. The content of the second phase is 20-50 vol% of the complex. 
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S 88S gtffl OlAJg /J) yet ss^n qj 3 ^go|| ^gflib 4, # £f Ohm El 01^ (hydroxy apatite) 2] *tf»OI8(OH-)S M± 

0|g(F-)2£ x|^(substitution)AI2J M-^6.^0HUET0| M(fluor-hydroxyapatite) 3IXI& (matrix)Jil &3I 3IXI& LH Oil ?ix!6l^ AJI^aj XH££ 
OI^CHS! 2^&(second phase)££ Ol^OiSP. M£OI82i x|£»8 4*tf§*0HI|E}0l eoj 2»#ZJ2| &88 3 XII Ala ?DI, 2x*&8 8-4tfS 
omiQOie 3IXI&2I 31 8ti (mechanical properties)! B#AI3lfe ej©8 elCh 



CHSE 
E5b 

^^aOHUEIOlE, MaOHttE*0|e, 3 XII Ol^g *8X|| 
9 All AH 

E£2i ^ee ^9 

£1§e 8*921 *JA| Wl CHI °J6H til 31 Ol^g 1^X111 XllSolfe 338 EAI2 £AHE0IQ. 

£2^g ^S2| *JAI 011011 2J6H XIIS& 8-^^aOHWEIOI E2| X-tf mm £4!S UE*fcS 301 HOICK 

E 3^ 8 »92| 61 Al 011011 218H HISS OIHrEM M-XI = 3L|01 38X021 &&&8 A| &£6H §£1 UEIfcS 32HHOIP. 

£4gg |fg2| *JAI 0(1011 21SH OHUEIOI e-X|33U0l 3 g XII 21 3ISIJM UElHi 32HH0ICK 

E 5a % 5b^ 0HWEJ0|e-X|S3L|0J 3&X1I2I &X\ £019 Af£j°£, 

£ 5ab 4^§l0f&fE|0IM2l 20 ^Hl% XI = 3L|0I 3 ft XII 8 £01^:2. 

£ 5bb g-^ttSIOHUEfOIMSI 20 ¥H|% X|23L|0r SfltXIll £01£U. 

£ 68 8 1*921 gAI 011011 2J6H HISS OHIrBOl M-X|52U01 48X121 4S-^£f£ » m3JeJ^ 38 UElfcH DEHHOIP. 
£ 78 8 S*92| gAI Oil Oil 2JSH XII2&8 OWEJOIM-Xl SSLIOJ 48X11011 A|2| A02E e^ll UE*^ 32HH0IQ. 

^92| &AII& £9 
2921 ^3 

U90I ^Qlb 31s ^ □ £0121 8 EH 71 £ 

s ^98 aii a si 48xiioii e& 52§, ^ai ^jxu oi^g ah^s« 48xii % n his gmoii s& sjoiq. 
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OfWEJOie^ ei«l2| W. X\0\ S2| 3£5"(hard tissue)!!} 5!^5{2S OH? £Af£J sgl UQUi°£. Ul Oil OI&JB 3? £X|| £ 

513} £8H SISS SJ23IXI 8/2. ^2 5^31 XJpj^Sai OI2i& OHUEJOIMoj ^xll 31 gXj| £21 OlSmOI. 21X11 5^g$ 

as xio r « bib cnxiisfab k^oi s^sioi sq. 

Dam OHUEIOIEb 31*13 £J£(strength) % IU2J£!g (fracture toughness) 12| 3I3H3 BSOI 5X1 SfUb BSOI CQdlAH oig 

xiom e ^oie §°j ^8 31*13 ntaieigoi e^sib gj® ss^g xus^AHb ^ssbsioi. s^w 121 us £8 31*13 2 

?£IXI 8Jb KI2EI0I AfgSIH HQ. 

Ji^oiib oiae> onu£}oiM2j Bse a&6^i ¥Iokx bbs^s! SS01I ommoiMi 2§b2smi sisixiib xii^mb ^soi Mggii 
%lq. ^ 31*13 £/£2i nKaieias oigafoi omiEioi^2i bsi esfof^Ai. ofmeioiM^ ssia <k gxii ^sb oigaib 

£301 MgEIJH 21D. 6fX|°h SM^M2} OUUEJOIM #2] 3|*I3. 13 X\0\J\ &6f3l ttH^Oil 0^ 3rXI ^JIISOI ^612 2ib 

B90IU. 

EDfilA-j SieOJIir <HWEK)|so| 31*13 ^SB &^A|5I2» £8 31*13 B3B XI td A«>&! 2Z\&B S3 r A|31 8H18I2W SIP. DSIU. 
Aild^ 2XI&E S3f6lOI £8 8E0II/H ±l(sinterino)S 3? OHUBOieg ^^(dehydration) £ SSH (decomposition)^ £0114*1 9b 8*11 
§1 £!2 01 21 S Oil AH am XI 81b AH£8 &B(2Jtf ^^^[tricalcium phosphate]. &!£JAHJS[tetracalcium phosphate]. ttStBI 
calcium oxide] 1)01 £3301, OIS 2J8H OHI^OIM ^©fl|2| 2!xjl3 » 31*13 1^1 1 CHE £1311 3D. «l &S±l(pressureless sinterin 
g)S 412 AlOllb iJE3f S3ol 10HXI 3|*|3 §2 g£!2| 82fl ^3B ^ SJ3HI 8Q. Old! AH 3l£0flb 3lgJ(hot pressing)OIU §^8M 

hot isostatic pressing) £1 12J °o^I 0I§6H SC*. 3814 % 31^32] 31 2 3 ft OH ^^^l^AH ^gfxill fll^SIb ^8 ¥3 

S ^38 OUfDOlM a^^ll «|2SorbQI Ca = b 01612 ^XilSM 8HS8PI 91 8H 29i@ 2!°£/d, OfEfEIOjes} 2xf^^£J ^8H1 2|X||AI51 

£1 feoiAH 2x[^ s^kmi we m$m ffi&m^AH o^eioi^oj Ajmi ^isi^ ^ ^^i §s o\gm ± ^b ^xii oi^m ah 
sfQ« ^nxii ^ □ xii 5 ^gi xiigsfb ai n ^^oi aich 

£ ^SOIIAHb ^ge! M^OIgo^ 4:^5|0IS1 XI&2 g-^^SJOimEIOI e 2} 31^1^ ^^01 ?^e) 2x}^l S^mOj g6H^ 

^chuxi a°oi sioty 31^^ e^e xiy M-^^sfonuEioi^si qe aii^^o^ oipohs m^xm xng^u. 

^8 5I3II5! g^l XI y 4ttX0S fll£8t?l ?!6HA1b OfWEIOIESI 0lxf^^2j ^«|A|^ ^8 iEl ^OHOI Oil 91 AH S ^Sdl 

Aib l-^^£}0fmE}0|e(fluor-hydroxyapatite)3f £S£JSID. M-^^Of EfEfOl^b ^^S0UUEf0|E2| ^ 21018s M^0I8°^ XlffAl 

a^^Mi mzj\ xi^sib »oii wz\ *<*&o\we\om2\ m&o\w&o\=9\ ssxnej M-^^^iofmEioiMS ^8 s^ioii 2a 

Al^ ^ SiC[. 01 & 1-^SfOfmEfOIMb ^^m0fEf£[0I^SD 1^. CH^ ^§5f01 2 8 Oil AH ^6H^f H£! ^^il ^OiyQ. 



se^ ofua, gsMWEfoiefe n x\x\\^m aaiai^ej ©si xiun ^,^121 ojg^ oi2ioii£ ^x^i uioiiai m^oi8 x\m°\ mm e 

&3|CIISr 4 aifeQI. IW2| SB XiXIS PJ& XIAj X||^ S3> (prevention of caries decay) S l§^(crystallization) e^!ll»l2|§^0||AHlfi 
& 6fb ^£1X1 2iQ. 

8 V9SI ^x^| Ol^g A||S|a| ^^x^lOIIAH ?| XI ^(matrix phase)°S Afg£Jb 0 r mP0IM2| §[*^'8 0JEH2I ^(1)21 ^01 SAI9CF. 
Ca, 0 (POJ 6 2z °°(D 

s|fi,^0||Ai Zb OH, F, CI SEb H12J 2J0I&Q. 01 1 OH 21 F 2| ^gJI^ 0l¥0i& OIJlrEfOl^b XI 3 311 Oil 8^01 EXHSrbai,^ 

61 OH iJttllb ^cimOimEIOIM. F ^ttUb ISJOmiEfOie. 3dl2 OH 21 F2J £32.^ OI^CHi OHb g-46?aOI WEfOI M 0| Dj . 01 ^ 5f§5l 

b xisoi n^ma. 8 ^soiiAHb oieie ^ ^g^is oi^cnt! i-^^siomFEioiMi ^1x1^2^ Aie^cf. 

8 ^92] ^^x^l All 5 Oil 2IOf 1§1 1 ^^8 Doalr ^Q. 
5!«H. M^0I82I xl^l M-^c.^0IErEI0IM2| 

01b §51. ^i^o^ o| S sf M-4^aOHI*EK)|eo| ^§^11 i^°SM| 2xf^2f 0Htt&0|e ^oj «jif 2|fl|AI5|5l 9I&0IW. XlOf 

S ttl 3} §011 &CH &8 Xiy M^0I8 flail 21 a2l E& 3ICJISf ^ ?X1\ OHgOID. 

MJRH. g-4^aoHU&0IM0|| P|3||S! ggoi 91 (My 0|xf^2J 

01b 0HUEfOIE2] Xfxj|2| 1^2] 9|BfBB 4BX1IB AHI56PI 9IB0IQ. 

8 ^SOilAHb B-^^SIOHHEiOIMB ^^^OHUEIOIMOII M^0I81 XIS8KM Jil£8fbCll. All 5 ^^01 2il 4 StCf. 

8 ^921 ^AlWIOIIAlb B»0HWE»0|EB 3^ All 56101 ^^Sf0HUEJ0IM2» dll£ ^01 280IIAH yEAI^o^MI M-^ciSIO^RfEIOI 

Ml A1I£^Q. M-^c>2}0HUE|OIM2| «^ ^§8 OfBil ^(2)21 2CI. 

(1-x)Ca 10 (P0 4 ) 6 (OH) 2 + xCa 10 (P0 4 ) 

6 (F) 2 =Ca 10 (P0 4 )6(OH) 2 - x Fa, 

(2) 

8 ^SOllAHb 2IXI&1 0[H|E}0|e^ 6fH 4i|T2| OIXJ^SS 3IXIM8 & 
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OH^Oi! 0|xf^2J bl!8 ^#81fcr 0121 301 50%B gXI 8* 

b 201 mg^eioi. oiaa 3? x 21 0.8-1 ei 201 bigswa. 3 oi^b &^i*2i g^oigoi 4^21 01 xi&8hoi°} %o>± 
a 011 /h 21 ^jhsioi x\^m a £8 m^i ?ich» ^ 2i3i ohsoicl 

Oldia ^-^ttSI0HUEJ0IE2| ?|Oiy BXIISj ^38 XI2J&! ^ 0^ CHI AH 1S10I8 X1*«2| sJUOil CJicH 5*8 S2^f 2iU. XI012J ^XHSS Olg 
Al 1S10I8 82)011 21 & S3 Oil CTJ5S, XI*! fllTi. XI 0121 3§g g£! 101 2i°01. HH2| ggOII SiCH gag &Q2 

ohueioim^ n xuflg ^301 ?iojyai uien :>MI3 a wai eis 18 ^ai a^ma^ bsoi bp. 01 ai & oiweioie2i &sa 

91 8H US1XH 3BB 81= OIXl^B a^ft ^£xlll BgBSSMI 3I3I3 ES&Cf. 
g?l a»XH &!B8 6fb 0IX1& XHSfcr aesi X 3fX| s^g ?UI810I0I 

2) xiaa ^axnsi xiisa 91 a 3ixi&m2j jib g»aoi ^ wisjchoj 

3) ^4*2 31 311 3 !gS ?fi8PI 9I5H 3IXI6J3J2I 3112 3^of:HI ^XIBCHOt 

4) &a g§ * m^juaoiiAi *a«i ^221 §sim gjxispi 91 a ai4oi 21x1^21 ^Aiafoiot bd. 

5) m\ sisigoi aiow ©a. 

013 ^31 ?bl& XHS^AHb AflftBJ XH^ei X| = 2L|0F (ZrO z ). aPOlU (AlzOa). E}0IBL|OI (Ti0 2 ), &Sf^£ (SiC) S HS1f?±(Si 
3 N 4 )21, (metal fiber) 101 Mil 4* 21201, £ ^ Al Oil Oil AH & ^ai XIMSLIOH 2x\&2.£ AlgmSQ. 

□em oi am xis^uon oixi&°s ohueioimou g^aioi ansa ^gx\\±= ji^ouh ^a ai ofen ye ^(3)21 38 ssiittBB %2.ziu 
. CIS 0IX1&2I S^OilS 0I32IXIS msa sa&soi aoiyp. 

Ca 10 (P0 4 ) 6 (OH) 2 + t-Zr0 2 = 3Ca 3 (PO 
4)2 + c-2r0 2 /CaZr0 3 + H 2 0(3) 

0121 38 ^6H^ ejsK« xma ^axiia «isa 4= ch^oi ^^-1-8 ^sxiisi ^ijosi. ^^1 xhsiai^mi aa ccfdun 

2^101 ^5H1 ^^j|A|5|I2X) &Sa^^C1l, J^OIU §4^ ^1 £^ ^8 ^e^l^ Afg^o^Mi 01^ §£ Xl^SfU ^6HM 

2t«iAi3in 2ixiy e.^^ °}o\e ¥sisa£ gxji^om ?ig^ei ^ ^ oil ah ^^^i^ah *2gx\\m M£o\s= ^1° xi^si eaafu. 
caauH sj^^ej sej (s^om ^?j2i)i ^^isq oiEiEfoiM xf^i2j u^ej ^^i 5^&°smi yei ^iaih ^a^i aiu. 

g iSg 4^S|0HUB0|eo| ^i^oi s ^^^OfU[E|0|M2J ^^110181 M±0\£°£ Xl^^o^MI ^1 Al |^6lb ^6H ^Xill 

6Hi6)oi xi^am ?ioiy 21^11^. 1^1 xiy ^ait xnet>CK 

1. 4>#$I0H»E|0|E0II M^OIgl XI^AI^I M-^^mO^nfEfOIMl ^ 2ib ^8 ^3101 910. 

1) asioimEioiM saa eixi xii^afoi ^^aoimeois bies ^oiah a-^^aow&oiga JBisaa. 

oi }|#8 5§g Msioim^oiE g^a xii^of^ }|£ ¥^oick itfoiniEfoiM xii2s ^se a-na. #^aig 101 aa 4* ai 

2) asnja(caF 2 )j!i ^8 a^isnfaa ^^aojm&oieoii a ^8^01 ngcni/H ye ^aa ssh a-^tfaonwaoiM agau. 

01 21^21 5«^j8 AH^8 SJrXHa 0|g& 50IQ. 15H f s 01 21 Oil £ M^(fluortne)! fe^a Sli^MSAH M§l^2s(NH 4 F), gsm§§( 
NaF). aaOOUIdCMoFg), ISf^^OI s(AIF 3 ). aaaB(KF) 101 ?f^8ID. 

2. oi a a a-4^si omiEioiMOii s^is oixi^°s waauoK a^oiu. eioieiuoi, &^^^ t nt^± t s^^^ ia oie^ ^ sick 
3. 01^21 a-^^aoiEiEioie2i o\x\&m oi ea ^a ^arxn »is^ ^a^a. §4^1, nai^ iohah ^^siq. 
aiaioo 

^ ^Al OilOIIAib M-^6!S|0rfllE}0IMl »I58^I 9I6H XII 1) gJBl SJfiioOl, AUaBJ 2^^2£fe XI = 3L|0H a^ttSDI. ^gxtttr 
±££ JIISSISD. 

£ 18 S MAI 01121 5§ 2191 ^H^f^og UEft« 210101. 

1) MSIOmfEJOl^ XII 5 21§: 

yeai^fiefMSionuEioie^ yg&ig 0^21 aa. 

3Ca 3 (P0 4 ) 2 + CaF 2 = Ca, 0 (P0 4 ) 6 
F 2 000(4) 

2) ^£x\\ ¥<M Xj|£ i§: 
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&5| gSIOHUBOIMl 4tfS0HUE»0|e 9 X|23UO} §92* 4I0IA1 QA| 24AI2) €93 £ 2£6}01 X1I5H1 *>Q. Ol CLH M89 g 

£10}E1EIOIE21 ^^»OHWQO|eo| 0! go 0 _ 100 g% ^o 01> gpjgj xja^uOlb S W £ 2031 40 ^E|% »Q. 

3) SS9XD WIS 

&5|2| SOIS §9S 0119 ■E(metal mold)01l «g * 09 * 150 MPa 21 93 o\0\\M #8 2S(cold isostatic pressi 

ng)8 3 DM 1000 - 1400 "C2J 8E£ 1 Al£ S£ £9 £1 (pressureless sintering)! 9D. 

^2 

£ 20!IA-1b MS10}E1EJ0IE21 ^SJOfmEIOIMl 4I0HAH I> 8 Oil AH ygl g6H ti^S M-4>tt£10}E1E10l e Hgxlll X-d £1^ §4*9 

uEiy* *oia. gaomiEioim anoii cadi ohueioim #921 nia(peak)^ 9§8*5ii oiemb 311^ sibai, oib ^ei 

dl! 01! CD£1 M-^^OHW&Olso, 2gxDf 998MI HSiJl 2I0I9Q. 

E 3011 Ai^ 0}E1E10IM-X|23L|0f ^*>X\\°^ ±1 A| §6H8 3E9 UEUHHfeCil. 55H8 9a£t9d Cfl 0}E1£10IE2| # 013 SI ITS 9^9 

■90tntEtoi£2i uison cu^iai uejlh&q. laomiEioimsj 901 sfom^ $m §E5} 9 ^ 21201. 99ointEtoi£2i 901 8 

0 m% 01&9 imb sm^ 5121 £johuxi 92 9Q. 

01 te M§10}E}E}0IE2| MS10I80I ^^SOUUEiOieoj ^#$0181 X|£8}01 9-4>tt3*0HHE|0| e e ^^6fS2D1, 01 £ 2jeH £8 8E01IAH 
E bcH5} ^XiltJCH tt9ff 0HUE|0|E-X|23U01S| 39tt9 i£&5l OHSOICh 

01 21 901 XI £1 99 §SH2] 2}Xllb &9 4:1 Al *9fl2| XI9S101IE E 999 2IM1 E 4M 9 ^ 9Ch E 4b #9£S 

* ^©M2| PISH ^tfSHMUEfOIMOII £j5}S SSIOHUBOieo) ajcH*|oi bit Oil BE} UEiyj 20IP. M§fO}E}E10lf= 5} §5}£}XI 

&8 ^£fO}E}E10IM21 X|S3U0}2| ^UxllOjlAHb ^ 25% SE2I 51501 £0} 21X1 m±J\ XI 9 9 Oil W&M 5IS18 2J£5}2 21 

§11^ 21Q. MS10}E}E10IM2j §^^01 80% 0I&9 OH, *-^tffflOHWEfO|M2» XIS3LI0* 49H0II& 51901 5i2J 2t0iX1, 
^Oiyi ^ 4 9XQ. 

E 5a 5bb Oia© ^1 ^& XII 21 ^AhS»eOIS2S UEIH! MQOID. gSIOhEIPOl e ^^f9X| 8^8 4^»OHtt&OI 

E21 XI22U0J2I ^tUflOIIAHb 32 S^^ 921 5IS10I 5ff»0t ^101 ^2| 01 ^ CH XI XI S^^ei » 4 SiD (E 5a). 3£1U MSOHWPOI 
EPf S^S ■-4&MttOimEtOI£(S2tOtntEtO|B2} ^tf»OHimO|S2| blM^ 4:1)2} XI£3U0^ ^l^xllb 51501 512J gib x|g© ±£M 
1 S^mSEDI, ^gai ^8 XIS2LI01 0\X\g gJXH (gfS ¥^)0I OHIfEIOlM 51X1^ (0H¥£ ¥^)OII ^^m^i ^SSIOi 91 Em i ^ 21 

□ (E 5b). 

e 6£ oi a& ^oiy 4:1 ^^i xi y M-^^^ofm£foi^(M§ionueioi^2f ^tfaorw&oissi digs 4:1)21 xis^uoi ^srxo2i 51511 

^ UEHHStCK (A)b 4^^0}E1E10IE21 20 ¥EI% XI = 2L|0} &gX\\, (B)b ^^SIOf^EIOI e 21 40 ^Gl% XI£2U0f ^©xll. (C)b 

M-4^2MmElO|E2J 20 ¥ttl% XI = 3L|0F ^t^XlL (D)b M-4^510fWE|0IM21 40 ¥HI% XI = 3U0f ^tUII! UEjyjQ. 

lS10}EfE|0|M5f S5}£jXI Sf^ ^^aOHWEFOI E 21 X|S3L|0f2J ^-^xilOilAHb &E 3*01 XI = 3U0^ 1*01 20 ^E|% (A) » 40 ¥E| 

% (B) g! OH 40 MPa21 80 MPa SE^ OH^ ^ttCf. 

□ am MS10fEf£fOI£5f §5f3 M-4^m0H11Ef0IE2l XI = 3U0|2| ^iiXllOIIAHb 2*101 &S8I 8^8101. XI = 3L|0f 801 20 ¥EI% (C) 
<M 40 ¥EI% (D) S OH 2|2| 140 MPa2l 200 MPa 5} LHSQ. 01 2i8 M510HUEI0IE5f ^5}£|XI &8 $«^» 4^sfOf WE}0IE21 XI = 2U0f 
21 » & x|| Oil b|6H fif 2.5-3.5UH S^fi» SiOIQ. 

»3l2!a2| 3?E M5fOfE}EfOIM5f S5f£|XI ^8 3^, XI = 3L|0} BOI 20 ?ni% (A) SI 40 VEI% (B) » OH 2|^| 0.9 MPam 1/2 SI 1 .2 MP 
am" 2 2J » Oil UI8N. MSIOWEfOI S5f^ 2*^ 1.6 MPam" 2 (C) » 2.5 MPam ,/2 (0) SES s» 2bH2J g5fl fiaQ. 

S V90IIAI 51X1^0] OfEfEIOIMb flOltf ^xll^J ^ISeHl. Ol^tfg ^8 51511^ 1^1 Xilg^Q. 0I»^2| UIBOI 5^0FXIB 

i^oi stfgxiB cie tiixii^srdoi xi8fa°^ aia& 01x^21 §5}5j esmu. s ^soiiAib 51x1^21 ^jyi^i&^s ^xim 

s ah 3 set S2i 01^^ a^s ^esi eia eai oi^nxf 6}°s 01^^21 S5}biioi 50% oimej 301 wssism. 01 a » g?ioiiAiei 51 

XI^E^Ai Om&0|e^ 21015} g*Effl. 3 ^C«2J Olxl&Jlf 5|XI^2| ^H^OI AHS b|?|5|| gp. 

E 78 XII 59 M-^^S10HUP0|e21 XI ^2 L| 0} ^&xj|2| Ail 5 ^§ ^^1 W0fS5| ?|8H A1IS2I e^'ll ^§§1 2 Old, Oi£^E£b The 
rmanoxl A}gSiECM. MG63 A1I5# 3^21 7^ §2! A|£ ?|0|| HH^^ * All 5 2] ^1 ^SSFaD. (A)b Thermanox 0152, (B)b 4^ 

510}Ef£10IM. (C)b g-^tffflOHUEIOieg 20 ¥E|% X|S2L|0[2J ^0X0. (D)b g-^^OHUPOl E2I 40 ^E|% X|22L|0f2| 
2f2| UEiyiCK 

g-^^fifOHUPOIMOII 20 21 40 ¥EI%2| XI = 3L|0f5f S513 ^&X|| ((C) % (D))b (A)OIU ^^§10}E|E}0IE (B)21 5121 dl£ 

^ Ail 5 e^ll £01 H 21 CI. s 8 | ^&5tll51 $X\\ ClSf^OI ^ SI 01 El £101 M 21 b|^^ Ail S S2i ^8 ^xll Ol^g AH 

g^AH2J 0I§ 5}b^l ^6H^D. 

S ^98 ^51011 *J3£JI1 E30II OIAIS 3S0U &99b 518 OmOJ. Q§OII 5|AH3b S?2| S?l LHCHIAH CH ^8 9 £g 01151 5}^6fQ. 



^S21 521 

^5|»! b}21 ^01 8 ^SOII 21 & ^X1l Ol^g Aild}^» ^Xllb Aildf^ES 01 ^01 XI b 9fi^Hl OlgofOI, OfEfE10|££| Bgej g^^ 
SSfofBAH, 0HUE10IE2J %X\\ % ^!xil 23 Ugl 0|g^ ^> 2iE^ 61b £215} 2JC1. 

8 99011 21 & gXII 0I^§ Aildl^ ^9«lfe Iffl 0181 ^^510}IUE}0IM 51X1^011 *I26101 M-^^210}E1EI0IE# fll£9S£M| 5| 
Xl^21 OIXI&^OII 9^B81b Sfifl^ei ^AilBfOt 01^ 2!6H 0|5|flb 4:1 S 5|5||^, ^Xll^ s^ 0 , o^^^ g All SI 6«18}b £215} 2!Q. 



2006/3/15 



4 



W1PS PIView 3.3.3.1 



SES. g £9011 21 » gXO 01 Aj|£J°| ^©Xflb §21 0181 S881J2 a?IOII. 15} 0IS XIUIQ Si^ Ol^g gxg g^g 

i * aa. 

ae. s ttBon 21s gxii oi±ig *iiei°j ±a£ ai£?i ^sssmi *gxi *ji£2j 3*11*1 u oiaei wamaa. 

SES. £ £9011 213 fltXB Ol^g Aildl^ ttSUfe gmXHS/H 31213. 13 ^301 SAlff AD 8* si AHS1 A|gS°£W. &S1XH2I 0IWE10IM21 

?iai3. a3 ^« xiois eisKM i^ofb oi sxiigg Hiamfe giui ap. 

561. S £3011 gfll Ol^'g A||efS{ sSxUfcr &S}AH5_AH gXJIOII £5H£! SS9UI Sflr AH£! Algol?! (HE Oil. OHUEIOieoj ^^1 

*I1£A|3IX| 131^ ac*. 

(57) 3?2j 891 
S^?S 1. 

7| XI (matrix phase)o£AH, UM2J &jog fi^sjb B-^e*»OHUBOIS Hgflia. 
Ca, 0 (P0 4 ) 6 (OH) 2 -x (Ot^l/H x2J BSIfe O^il 1 01 SI) 

iJSfXH ^£1 8*fc Ol*f&(second phase)Q£AH Qg2J Mi'. XI = 3L|0f (Zr0 2 ), £POIU (Al 2 0 3 ). E40|EIU0h (Ti0 2 ). (SiC) ^ 

a&a£(Si 3 N 4 )s». eoiiAi oib am 01^21 g§n ssmfe 
^aii oi*is Aiie^ ^sai. 

3^S2. 

All SOU &OUH. S3I x2l g?l£r 0.8 0I& 1015*21 21 6^ mil Ol^g AflBfOj §SSXII. 

3. 

mi son aw/d. oixj^a a?tbiss 20 ~ 50 °j 51 ^§2§ sib oi^g aibisj ^sxn. 

4. 

MSfoiEiEioie g°>i ^diein; 

^bis M^oimeioiM sua ^siohuejoim s», oixi&o^ah xiasuoi, a»oiu. eioieiuok £si^±, ij§i^±. g^g^ ioiiah 
^^s^ oib em 01 gat esstoi a-^siommoie &&x\\ m^m 

^mxw saa ssst:n: 

£3X111 ±a8hfe 51 5SSIQI 01 ¥01 XI b 
2U1I Ol^g Aildf^ ^SXfl Alli^S. 
3?S 5. 

HI 4 S Oil aOUH, BfitONUEIOIS ggf@ 
ej^B^jtt B£&SB 3=1 SI 1 big ssw, 

&BB8 8*138101 B*SA|3|fe B3flS OI^CHXIb ^xil Ol^g Ajldf°i s?Sx|| XII SSB. 
S^S 6. 

B±S>BBj3t ❖^aommoiea 

^?l ^xHBimOl ^1A|^ 1-^^5101111 E10IM 2IXI&I AH56f2; 

S^l PIXI6T0II Olxf^og wa3U0K ^^DIU, EIOIEIUOK M®^^, g(HIA^ <^^£J^ Oib 6IU 0I&! S&SfOj ^1,^11 

^SAlll «S8I2: 

^^i ssxiii ^imb 51 SS810I oi^oixib 

«9X0 OI*!g /dlfilSi H^jyi Alli^S. 
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S$OH»EK>|e 




(0|AJM^- + | 





(gSOHtt&0|M+^^aOHUQO|E+x|53L|Of) 
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